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[57] ABSTRACT 

Aircraft altitude, ground velocity, and altitude rate 
signals are input to a computer which, using a unique 
control law, generates a pitch control surface command 
signal suitable for guiding an aircraft on its flare path to 
a specified runway touchdown point despite varying 
wind conditions. 

2 Claims, 4 Drawing Figures 
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METHOD AND APPARATUS FOR PRODUCING 
AN AIRCRAFT FLARE PATH CONTROL SIGNAL 

BACKGROUND OF THE INVENTION 5 

The invention described herein was made in the per- 
formance of work under a NASA contract No. NASl- 
14880 and is subject to the provisions of Section 305 of 
the National Aeronautics and Space Act of 1948, Public 
Law 85-568 (72 Stat. 435; 42 USC 2457). 

The present invention pertains to the aircraft guid- 
ance art and, more particularly, to a system for control- 
ling aircraft flight during landing flare. 

A critical portion of aircraft landing trajectory is 
commonly known as flare-out or flare. Flare is that 
portion of the landing trajectory between the fixed 
angle glideslope and aircraft runway touchdown. Thus, 
it is desirable, particularly for commercial aircraft, that 
the flare profile depart smoothly from the fixed angle 
glideslope approach providing a smooth transition to 20 
runway rollout. 

In commercial aircraft, attempts have been made at 
generating landing flare commands to be used either as 
a flight director to the pilot or for automatic, i.e. autopi- 
lot, landing. The problem with these systems, however, 25 
is that groundspeed variations affect touchdown disper- 
sion. That is, since aircraft groundspeed is not taken into 
account, the actual touchdown point of the aircraft on 
the runway can vary considerably depending on the 
groundspeed. This is undesirable both for safety reasons 20 
and because reduced touchdown dispersion is essential 
to effective runway utilization and continued aircraft 
operation under adverse weather conditions. 

Another problem with existing flare control systems 
is that the flare height from which flare is initiated may 25 
be affected by aircraft groundspeed. This has an adverse 
effect on the ability of the pilot to monitor the system 
for proper operation and may place the start of the flare 
ahead of the runway threshold where terrain features 
may make it difficult to use radio altimeters. 40 

SUMMARY OF THE INVENTION 

It is an object of the present invention, therefore, to 
provide apparatus for generating, and a method of pro- 
ducing an aircraft flare path control signal which mini- 45 
mizes touchdown dispersion due to groundspeed varia- 
tions. 

It is a further object of the invention to provide the 
above described apparatus for, and method of generat- 
ing an aircraft flare path control signal wherein the 50 
altitude at which flare is initiated is independent of 
groundspeed. 

Briefly, according to the invention, apparatus for 
producing an aircraft flare path control signal includes 
a means for producing a signal h representative of air- 55 
craft altitude. Also, suitable means produces a signal 
Vg represent! ve of aircraft groundspeed and further 
means produces a signal h representative of aircraft 
altitude rate. A computer produces a pitch control sur- 
face command signal Sec according to the relationship: ^ 

VcA{Kh/Kh)/VG REf^{h+hB)} 

where K^, K/,, VG/?£f*and hjgare constants selected for 
a given system configuration. 65 

A method for producing an aircraft flare path control 
signal comprises the first step of producing signal h 
representative of aircraft altitude. Second, a signal Vcis 


2 

produced representative of aircraft groundspeed. Third, 
a signal h is produced, representative of aircraft altitude 
rate. Finally, a pitch control surface command signal 
dec is computed according to the relationship: 

vdifChmyvG REm+hB)} 

where K^, K;,, V g ref h^are constants selected for 

a given system configuration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plot of aircraft altitude h versus altitude 
rate h for the prior art flare-out control system; 

FIG. 2 is a plot of aircraft altitude h versus runway 
distance X and shows the touchdown dispersion of the 
prior art system from its glideslope intercept point; 

FIG. 3 is a plot of aircraft altitude h versus altitude 
rate h for an aircraft following a control signal accord- 
ing to the instant invention; and 

FIG. 4 is a block diagram illustrating the preferred 
embodiment of a system for generating a control signal 
according to the instant invention. 

DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENT OF THE 
INVENTION 

In one type of flare control law widely used today, 
the aircraft sinkrate is proportional to altitude. Thus, 
excluding damping terras, which are a part of any flare 
equation, the basic exponential flare control law is of 
the form: 

^ec=m+Kh{h-\-hB) (1) 

where 

See = pitch control surface command 

h= altitude rate, 

h= altitude, 

KA, K/i, h^= constants selected 
for a particular system configuration. 

For the condition of a zero pitch control command 
i.e., the aircraft’s servo system reduces the pitch com- 
mand to zero, the equation takes the following form: 

Khk^Kh{h^hB)^0^ ( 2 ) 

FIG. 1 is a graph of this equation, showing altitude on 
the vertical axis versus altitude rate, on the horizontal 
axis. Exemplary values of the various constants are 
selected, i.e. the value of Ka/Ka is assumed to be 0.205 
and the value of h^ is assumed to be 12. 

Assuming constant control law parameters, the solu- 
tion for the above differential equation is 

h= -Thoe~^/^-hB 

h=-hoe-'/’- (3) 

where 
. t-Ka/Ka 

ho = initial sinkrate = — Vg tan ^3 
where, 

Vg = groundspeed 

/3=glidepath angle. 

The expression for the flare height from which flare 
must be initiated to satisfy the above equation is 

ho=VGT ^-hB. 


(5) 
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FIG* 1 illustrates this flare height ho for values of 1 10, 

125 and 140 groundspeed knots. Thus, since the flare 
height ho varies as a function of groundspeed Vg (about 
six feet for a 15 knot variation in Vg) this has an adverse 5 
effect on the ability of the pilot to monitor the system 
for proper operation and may also place the start of the 
flare ahead of the runway threshold where terrain fea- 
tures may make it difficult to use radio altimeters. 

FIG. 2 is a plot of aircraft altitude h versus runway 10 
position X and illustrates the distance Xji) between the 
aircraft actual touchdown point and the glideslope in- 
tercept point with the runway. It is assumed that the 
aircraft is on a glideslope angle and that flare is initi- 
ated at the altitude ho, which is approximately 42 feet. 15 
The total distance is expressed analytically as 

XTD=ihBMvi /3)-“ Var\[n {Hb/Vq t tan /S)+ 1]. (4) 

Thus, it is evident, assuming a constant h^, r and )S, 20 
that, as with flare height altitude ho, the dispersion dis- 
tance Xr£)is a function of groundspeed Vg. For exam- 
ple, the touchdown distance Xri? varies about 200 feet 
for a fifteen knot variation in Vg. a significant deviation 
considering the dispersion due to all other sources. 25 
In the development of the instant invention, it was 
recognized that if the product (Vgt) in the equations 
for flare height ho and touchdown X77? is kept a con- 
stant, then both ho and Xrz) will be invariant for a vary- 


ing Vg. This requires that 


30 

rVG^(Kh/Kf,)VGREF 

(6) 


or 



{\/T)Myc/VGREF)(Kh/Kl,), 

(7) 

35 

The basic controlling equation then becomes 



Kh[hHyr){h+hB)]--0 

(8) 


and inserting the value for 1/t, this becomes 


40 

VG[{Kh/K'h)/VG /?£fP + /»5)> = 0. 

(9) 



This control law is shown graphically in FIG. 3. 
Plots are made for three different groundspeeds, as 
before, 110, 125 and 140 knots. It is apparent from this 45 
graph that the flare height h© is no longer dependent on 
groundspeed Vg. 

FIG. 4 is a block diagram illustrating the preferred 
embodiment of the apparatus for producing the aircraft 
flare path control signal in accordance with this newly 50 
derived control law. 

Here, an altitude block 10 produces an output signal 
h representative of aircraft altitude. A suitable means 
for producing the altitude signal h is commonly avail- 
able in commercial aircraft and, as such, will not be 55 
discussed here. 

The altitude signal h is passed to a pair of summers 12, 

14. Also passed to an input of summer 12 is the output 
from block 16. Block 16 produces a fixed signal corre- 
sponding to the altitude height for flare initiation h^. As 60 
discussed above, in a system according to the instant 
invention the flare initiation altitude h^ is constant re- 
gardless of groundspeed variations. The summer 12 acts 
to subtract the signal ho from the signal h such that its 
output is negative if and only if the aircraft altitude has 65 
dropped below the flare initiation altitude. Upon this 
occurrence, a logic circuit 18 activates a switch 20 
which causes the pitch flare command signal 8^^, which 
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is produced in a manner discussed herein below, to be 
coupled to the aircraft’s flight dynamics. 

The pitch control command signal 6ec is computed as 
follows. The altitude signal h is summed with a constant 
signal h^ supplied from block 30. Thus, the output from 
summer 14 is of the form h+ha. This signal is applied as 
one input to a multiplier 32. 

The groundspeed block 40 produces an output signal 
Vg corresponding to aircraft groundspeed. Such 
groundspeed signals Vg are commonly provided on 
commercial aircraft and, as such, will not be discussed 
here. 

The groundspeed signal VgIs multiplied by a factor 
l/Vc/?£Fin block 42. The signal IA^grefIs a constant 
value depending upon a particular system configura- 
tion. The signal out of block 42 is then multiplied by a 
gain factor K/^/K^ in block 44. Both K/, and KA are 
constants selected for a particular system configuration. 

Thus, the output from block 44 is a signal having a 
value 

iyG/VGREF)<KH/KH)=^\/r (10) 

This signal is then applied to the remaining input of 
multiplier 32 where it is multiplied by the signal h-f-h^. 

The output from multiplier 32 is summed in a summer 
46 with the output from altitude rate block 48. Altitude 
rate block 48 produces an altitude rate signal h which, 
as with the altitude block 10 and groundspeed block 40, 
is commonly provided in commercial aircraft. 

The output from summer 46 is multiplied by a gain 
factor Ka in gain block 50. The factor Kh is a constant 
dependent upon a given system configuration. 

Thus, the signal at the output from gain block 50 is 

Xftih -f- yG[WKh)/ Vg REF](h 4- (9) 

This signal is, then, the desired improved control law 
signal. 

In all aircraft flight guidance control systems, there 
are certain control law damping signals which are used 
to dampen short and long term oscillations. These are 
well understood by those skilled in this art and, as such, 
will not be discussed here. Hence, the control law 
damping terms are summed with the control signal in a 
summer circuit 52 before being passed as the output 
pitch flare command signal 6ec« 

It should be understood that the pitch flare command 
signal may be used in the aircraft either as an input to 
the flight director to indicate to the pilot a desired air- 
craft pitch angle or it may be coupled directly to the 
aircraft’s autopilot for automatic control of aircraft 
flare-out. 

In summary, apparatus for, and the method of pro- 
ducing an improved aircraft flare path control signal 
has been described. This signal is adapted to control 
aircraft flare-out such that the landing flare distance 
remains constant despite conditions of varying air- 
speeds or groundspeeds. In addition, the flare height ho 
remains constant despite groundspeed variations. 

While a preferred embodiment of the invention has 
been described in detail, it should be apparent that many 
modifications and variations thereto are possible, all of 
which fall within the true spirit and scope of the inven- 
tion. 

We claim: 

1. Apparatus for producing an aircraft flare path 
control signal comprising: 
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means for producing a signal h representative of air- 
craft altitude; 

means for producing a signal Vg representative of 
aircraft groundspeed; 5 

means for producing a signal h representative of air- 
craft altitude rate; 

computer means for producing a pitch control sur- 
face command signal dec according to the relation- 
ship: 

dec=KH{h+VG[(Kh/Kh)/Vc REF](h + hB)} 
where K^, K/?, Vg ref and h^ are constants se- 
lected for a given system configuration; and 15 

control means for actuating the aircraft control sur- 
faces to track said command signal 3ec whereby 
aircraft landing flare distance is substantially unaf- 
fected by the aircraft’s relative groundspeed. 20 


6 

2. A method for producing an aircraft flare path con- 
trol signal comprising the steps of: 

(a) producing a signal h representative of aircraft 
altitude; 

(b) producing a signal Vg representative of aircraft 
groundspeed; 

(c) producing a signal h representative of aircraft 
altitude rate; 

(d) computing a pitch control surface command sig- 
nal dec according to the relationship: 

dec^K'hiU VcWh/KhWc REF]{h + hB)) 

where K/,, K/,, Vg ref and hs are constants se- 
lected for a given system configuration; and 

(e) actuating the aircraft control surfaces to track said 
command signal whereby aircraft landing flare 
distance is substantially unaffected by the aircraft’s 
relative groundspeed. 

% :(c :<( 
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